The organism was grown under continuous bubbling with air containing 5% CO2, in cotton plugged flasks on an inorganic medium of the following composition: Ca(NO,)2, 0.5 g; KH2PO4, 0.2 g; MgSO4.7H2O, 0.2 g; FeCl2, trace; H2SO4 (1N), 10 ml; distilled water, 1,000 ml (pH: 2.4). The intensity of illumination was ca. 10,000 lux; temperature of water bath kept at 45©. Algal cells harvested were washed three times by centrifugation with hot, distilled water (45°), resuspended in a citrate-phosphate buffer (pH 3.0, M/10), and determined the metabolic activities.
Usually 10-day old cultures of the alga were used unless otherwise stated.
The rate of gas exchange was measured with a Warburg manometer, usually at 45°, using 5 to 10 ml of suspension containing about 50 to 100 mg dry weight of algal cells.
The rate of Hill-reaction was determined by measuring the volume of oxygen evolved in a nitrogen gas atmosphere under illumination of 50,000 lux with incandescent lamps. In this reaction, various hydrogen acceptors, mostly p-quinone, and sometimes the lull Mixture, 2, 6-dichlorophenol indophenol etc., were used as Hill oxidants.
When necessary, a 20%-KOH solution and yellow phosphorus were used as absorbents for eliminating CO2 and 02. The velocity of Hill-reaction was expressed as the rate of 02-evolution per unit dry weight of algal cells (mug alg./hr.), or as the rate of 02-evolution per chlorophyll (ml/g chl. /hr.) . The chlorophyll content was measured electrophotometrically on the 80% acetone extract of algal cells, using a filter for 660 ma wave length.
The photosynthetic activity was determined by measuring the volume of oxygen evolved in the air containing 5% of CO2, corrections for respiratory oxygen uptake being made by simply subtracting the values for gas absorption in the light. The intensity of illumination was 50,000 lux, as in the case of the Hill-reaction.
The respiratory activity was estimated by measuring the gas uptake in air, in * This work was supported by the Grant in Aid of Scientific Research of the Ministry of Education. ** Department of Biology , Faculty of Science, Tokyo College of Science, Kagurazaka, Shinjuku-ku, Tokyo, Japan. dark, and in the presence of 20% KOH solution.
Results and Discussion
Effect of temperature on rate of Hill-reaction:
The rates of Hill-reaction at various temperatures measured with p-quinone as the Hill oxidant are shown in Fig.  1 . The initial rate of 02-evolution during the first 15 minutes of incubation was used for computing the reaction rate, since a more or less marked decrease in the reaction rate was always inevitable in later periods of incubation.
It will be seen from the figure that the optimum temperature range of Hill-reaction lies as high as 50° to 55°. Above this optimum, a rapid decrease in the reaction rate occurs, most probably due to the irreversible heat-denaturation of the reaction system. The reaction rate, on the other hand, becomes almost insignificant below 30°, a temperature range still adequate for the metabolic reactions of ordinary mesophillic forms3'.
In Fig. 2 , the logarithms of the rates of Hill-reaction (log V in the figure) are plotted against the reciprocals of absolute temperature (1/T). From the dip of the straight portion of the Arrhenius plot shown in the figure, the apparent heat of activation (dH*) for the "Hill-reaction" was computed to be as follows . dH*=17 Kcal (55°'-.'35°, pH 3.0) dH*=45 Kcal (35°30°, pH 3 .0) The highly thermophilic behavior of the alga toward high temperature is in general accord with the results of the previous study on growth , respiration and photosynthesis of the same organism2' . The optimum temperature for Hill-reaction in the present study nearly equals to that for photosynthesis and respiratory 02-uptake.
The same is also true with the apparent activation energy for the Hill-reaction (see above) and photosynthesis*.
A similarly steep drop in activity in the suboptimal temperature range (about 30° and below) corresponding to an apparent activation energy of 4570
Kcal is also common to the two processes. Effect of hydrogen ion concentration on the rate of Hill-reaction:
The values for the rate of Hill-reaction at various pH's are presented in Table 1 , showing the high-* Apparent activation energy for photosynthesis in Cyanidium caldarium Geitler (light saturation, CO2 0.1%). Arrhenius-plot of the data in Fig. 1 In view of the above-described findings, the following experiments were carried out at pH 3.0, and 45° if not otherwise stated.
Hill-reaction in presence of various Hill oxidants: The Hill-reaction in this organism was tested with various substances as the Hill oxidants; p-quinone (3x 10-3M), "Hill mixture (K -ferrioxalate 5 x 10-2M , K-ferricyanide 2 x 10-3M, ferri-ammonium sulfate 1 x 10-3M); chromic oxalate (1 x 10-2M); 2, 6-dichlorophenol indophenol (3 x 10-5M). The results obtained are shown in Fig. 3 . As will be seen from the curves in the figure, the most rapid rate of Hill-reaction was obtained with the "Hill mixture". p-Quinone was found to be almost equally efficient. Less rapid was the reaction with Cr-oxalate and 2, 6-DPIP* as the oxidant.
As has already been stated, there occurred in most cases a more or less marked drop in reaction rate at later periods of reaction, the 02-time-curve attaining a plateau before reaching the theoretical level (see Fig. 3 and Table 2 ). The values for the initial reaction rate and the amount of 02 evolved in 60 minutes of illumination are summarized in Table 2 . The highest rate of 02 evolution was obtained when p-quinone was used as the oxidant.
On alternate applications of light and dark, evolution of molecular oxygen was observed at each light period, thus suggesting that the cessation of 02-evolution in the light period is not due to the irreversible damage of the Hill-reaction system (Fig. 3) .
The use of chromic oxalate** (Na3Cr(C204)3.3H2O) in this experiment is deter-* Abbreviation , DPIP : 2, 6-dichlorophenol indophenol. ** The author wishes to express his cordial thanks to Prof . M. Iguchi of Tokyo College of Science for the supply of pure samples of the complex salts, The effects of various inhibitors on the Hill-reaction are summarized in Fig. 4 and Table 3 . In these experiments, pquinone (3x 10-3M) was employed as the Hill oxidant.
In Fig. 4 , the degree of inhibition (I) was plotted against the logarithms of inhibitor concentration
[p]. The curves in the figure were drawn according to the formula for a sygmoid curve* of inhibition, assuming an n-value of unity for the case of sodium azide, and 2 for the cases of hydroxylamine and 2, 4-dinitrophenol.
In the latter two the fitness of theoretical curve with the experimental data seems to be satisfactory. The fluctuations encountered in the case of sodium azide is not accounted for. The values for ~bP, the inhibition constant, and n, the "order" of sygmoid curve, are presented in Table  3 . The "second order" inhibition with hydroxylamine (and 2, 4-dinitrophenol) will be worth noticing since the rather unfrequent type of inhibition has also been observed in photosynthesis and related reactions.
The results of the present study is also in harmony with the findings of Huzisige7' who has investigated the inhibition of Hill-reaction, using Chlorella and spinach chloroplast.
The values of ~b,~, which represent (the reciprocals of) the apparent affinity of the poison toward the catalyst, however, differs largely from the previous data for Chlorella and spinach.
A wide difference in pH ranges studied may be the cause of such deviation.
Effect of heat-treatment on the Hill-reaction, photosynthesis and respiration : The algal cells were subjected for 10 minutes to a heat-treatment** at 60°. The heated cell suspension was rapidly cooled and tested for the activities of Hill-reaction, photosynthesis and respiration (control: untreated cells).
The results are presented in Fig. 5 , showing the most marked heat-inactivation of photosynthesis.
Less marked was the inhibition of Hill-reaction, a fact probably reflecting the less complicated constitution of the reaction system in this case as compared with the complete reaction system of photosynthesis.
In marked contrast to these processes, the respiratory activity (endogenous) of the cells were found to be significantly accelerated.
In this connection it will also be noted that the catalase activity of the algal cells are also significantly accelerated by heat-treatment. The heat-activation of catalase reaction is not a rare thing (e. g., heat activation of catalase in a thermophilic bacterium has recently been investigated by Nakamura8'). Activities of the Hill-reaction, photosynthesis and respiration in cell homogenates: The effects of disrupting the cell-structure were studied as follows. Cell homogenate was prepared by grinding the cells with quarz sand for about 30 minutes in a M/10 citrate-phosphate buffer of pH 3.0, with the addition of 2 g dextrin per 10 ml buffer solution.
The homogenate obtained was fractionated by repeating differential centrifugation at 2,000 r.p. m . for 2 minutes, and the supernatant of the 7th centrifugation was used for the metabolic tests.
Subsequent centrifugation of this supernatant for about 30 minutes at 2,000 r.p.m. gave rise to a clear blue supernatant containing phycocyanin, and the precipitate of chromatophores containing chlorophyll and carotenoids.
The experimental results are shown in Fig. 6 . The rate of Hill-reaction per unit amount of chlorophyll was found to have decreased to one-third that of intact cells. The photosynthetic activity was found to be completely abolished. On incubating the homogenate in an atmosphere containing 5% CO2, there occurred, after 10 minutes of induction period (or even a slight burst of gas evolution-see Fig. 6 ), a rapid gasuptake, which was, however, found to depend on the light. The change observed was, therefore, interpreted to represent the photooxidation of some endogenous substance in the algal cell.
The respiratory activity, on the other hand, was found to be remaining unimpaired the cell homogenate, although the Qo2 value diminished to one-third that of the inact cells. Throughout the above-described experimental results, the most marked point of interest will be the sensitiveness of photosynthetic activity towards various treatments, including heat-treatment and disruption of cell structure. The relatively high stability of the Hill-reaction system in this respect will also be noted.
The respiratory system belongs to the most refractile of the metabolic activities tested.
These findings are in general accord with the results of our previous study.
Summary
1) The metabolic activities of a thermo-and acidophilic blue green alga, Cyanidium caldarium Geitler, were investigated with special reference to its phototrophic activities, photosynthesis and Hill-reaction.
2) The organism utilizes as the Hill oxidants, various substances including Hill mixture, p-quinone, Cr-oxalate and 2, 6-DPIP, in the order of decreasing rate of reac- tion.
3) The temperature dependency of the Hill-reaction in this organism was investigated.
The optimum temperature of the reaction was found to lie at 50° to 55° the reaction rate showing a sharp drop on either side of this maximum point. The reaction rate was found to be makedly suppressed even at the range of moderate temperatures favorable for the ordinary mesophills (around 30°), and there was no detectable activity of the Hill-reaction at 25°.
4) The apparent activation energy for the Hill-reaction in this organism was found to be 17 Kcal (between 55° ~35°), and about 45 Kcal (between 35° X30°).
5) The heat-stability of metabolic activities of the algal cells were compared. The photosynthesis and Hill-reaction were found to be affected by the heat treatment at 60° (10 minutes) by about 50% and 300, respectively.
On the contrary, the respiratory oxygen uptake was accelerated by about 50% by same heat-treatment. 6) The cell homogenate was found to retain the capacity for the Hill-reaction. No activity of photosynthesis was detected in the cell homogenate. 
